Entomocidal proteins produced by certain subspecies of Bacillus thuringiensis were isolated from purified crystals (parasporal bodies) by column chromatography using Sephacryl S-300. The crystals of most subspecies contained only one entomocidal protein (P-1), but some strains of B . thuringiensis which had been classified as subsp. kurstaki, subsp. thuringiensis, subsp. kenyae and subsp. tolworthi appeared to produce an additional protein (P-2) as a minor component of the crystal. The protein (P-2) was serologically similar to the mosquito factor previously discovered in the HD-1 strain of subsp. kurstaki. These entomocidal proteins (P-rand P-2) were isolated and digested by trypsin. The peptides resulting from the trypsin digestion were mapped by high performance liquid chromatography (HPLC). HPLC patterns of the toxins, in particular P-1, were reliably reproducible and revealed differences in P-1 toxins between strains even in the same serotype. Analysis of P-2 by HPLC indicated that it is different from P-1 in protein structure.
Isolation ofcrystuls. After cell lysis, the mixture of crystals and spores was harvested by centrifugation at 15000 g for 20 min. The precipitate was resuspended in 2 litre 1 M-NaCl and centrifuged. This NaCl treatment was repeated at least three times, and the final precipitate was suspended in 250 ml water. In order to remove the spores, the suspension was shaken in a separating funnel until a thick foam developed. The foam layer containing mostly spores was separated from the aqueous layer and discarded. This flotation procedure was repeated at least 10 times until most of the spores were removed from the aqueous layer. The crystals, which were partly purified by flotation, were further purified by isopycnic centrifugation in a continuous density gradient made of NaBr solution whose specific gravity was from 1-30 to 1.40. The crystal band, which was located by examining each band with a light microscope, was collected. The NaBr was removed from the crystals by centrifugation. The purified crystals were dialysed in water, freeze-dried and stored at -20 "C until used.
Isolation oftoxins. The toxins were isolated from purified crystals by the method of Yamamoto & McLaughlin (1981) with the following modifications. The freeze-dried crystals (200 mg) were suspended in 4 ml water and incubated at 70 "C for 1 h in a mechanically convected oven. After the suspension was cooled in ice, 2-mercaptoethanol was added to form a 2% (v/v) solution, and the pH was adjusted to 10 with 2 M-NaOH. The dissociated crystals in the alkali solution were centrifuged at lOOOOOg for 30 min, and the supernatant was chromatographed on a 2.5 x 100 cm column of Sephacryl S-300 (Pharmacia). The column eluate was monitored by absorption at 280 nm and by fused-rocket immunoelectrophoresis. The chromatography resulted in either one or two protein peaks and a few non-protein peaks. The first major peak, containing P-1 at an elution volume of 220 ml, was collected. The toxin was precipitated by lowering the pH to 4.4 (isoelectric point of P-I) with 4 M-HC~. The precipitate was collected by centrifugation at lOOOOg for 10 min and resolubilized in 100 mM-Tris/HCl, pH 8.
P-2 was isolated from several strains of B. thuringiensis by chromatography using the Sephacryl column. P-2, which appeared at an elution volume of about 320 ml because of its molecular weight (65000) and weak affinity to the column medium, was collected, dialysed against 5 mM-Tris/HCl, pH 8, and freeze-dried. The freeze-dried P-2 was dissolved in 2 m18 M-urea, heated at 100 "C for 5 min and then dialysed in 100 mM-Tris/HCl, pH 8, to remove the urea.
Trypsin digestion. The concentration of the toxin was adjusted to 10 mg ml-l, and then the toxin was digested with 1/100 (w/w) volume of L-I-p-tosylamino-2-phenylethyl chloromethyl ketone (TPCK) treated trypsin at 37 "C. After 2 h incubation, another 1/100 volume of the enzyme was added to the sample, and the incubation was maintained for a further 2 h. As controls, toxin and trypsin were incubated separately under the same conditions.
Peptide mapping by HPLC. Peptide mapping was performed by HPLC according to Fullmer & Wasserman (1979) except that a Varian HPLC model 5040 equipped with a reverse phase (MicroPak MCH-5-N-CAP, 0.4 x 15 cm) column was used. Trypsin-digested toxin (100 pl) was mixed with 25 pl acetic acid. Then, 10 p1 of the sample, which had been centrifuged and filtered through a 0-45 pm filter, was injected into HPLC apparatus. The separated peptides were detected with a UV detector (Varian UV-5) at 215 nm. Drift of base line, due to the absorption of acetonitrile, was corrected by a computer (Varian CDS-401) using data obtained without a peptide sample.
RESULTS

Isolation of toxins
Chromatograms shown in Fig. 1 represent typical elution patterns of three types of B. thuringiensis crystals. Type A crystal had two protein components whereas type B showed only one protein (Figs 1 and 2 ). P-1 appeared as a large peak at an elution volume of 220 ml, and P-2 at 320 ml. In the case of type A, P-1 accounted for about 95 % of total protein. A spectral analysis confirmed our previous finding (Yamamoto & McLaughlin, 1981) that peaks appearing in an elution volume range from 400 to 500 ml were not protein, and no toxicity was associated with these peaks. Type C, represented by subsp. israelensis in Fig. 1 trace C did not show the characteristic peak seen in types A and B at the elution volume of 220 ml. Strains of subsp. fifinitimus (HD-3), subsp. kyushuensis (HD-541), subsp. thompsoni (HD-542), subsp. israelensis (HD-567), and subsp. indiana (HD-521) appeared to contain type C. Since no reliable method has been developed to isolate the toxin from type C crystals, no further studies were made with these strains.
The column eluate was also monitored by fused-rocket immunoelectrophoresis which clearly distinguished type A from type B (Fig. 2) . P-2 appeared as the negative moving peak on immunoelectrophoretograms due to its alkaline isoelectric point of 10.7. In Table 1 , the results of the preparative chromatography using a Sephacryl S-300 column are summarized. The strains of subsp. thuringiensis (HD-14), subsp. kurstaki (HD-l), subsp. kenyae (HD-5), and subsp. tolworthi 0 100 200 300 400 500 Elution volume (ml) Fig. 1 . Sephacryl S-300 chromatography of dissociated crystals. Purified crystals were dissociated in 2% 2-mercaptoethanol at pH 10 and chromatographed in a 2.5 x 100 em column of Sephacryl S-300.
Elution was carried out with 50 mM-Tris/HCl, pH 8, containing 1 mM-EDTA and 0.1 % 2-mercaptoethanol and monitored with a UV detector at 280 nm. Samples are A, HD-I (subsp. kursraki); B, HD-2 (subsp. thuringiensis) and C, HD-567 (subsp. israelensis). Fig. 2 . Fused-rocket immunoelectrophoresis of Sephacryl S-300 column eluate. Dissociated crystals of two strains, HD-2 shown in (a) and HD-14 in (b) of subsp. thuringiensis were chromatographed with the Sephacryl S-300 column, as described in Fig. 1 . The column eluate was fractionated in 8 ml each, and fractions 25 to 62 (equivalent to the elution volume of 200400 ml) were electrophoresed in the agarose gel (10 x 10 x 0.1 em) containing 2 5 0~1 anti-HD-I-crystal serum. (HD-537) appear to produce P-2 and this was confirmed by fused-rocket immunoelectrophoresis (Fig. 3) . However, there were other strains (HD-2 and HD-73) within subsp. thuringiensis and subsp. kurstaki which did not have P-2 in their purified crystals.
Trypsin digestion of the toxins P-1 was vulnerable to proteinase digestion. When P-1, prepared without NaCl and heat treatments, was incubated at 37 "C, the proteinases of B. thuringiensis itself, which contaminated the crystal preparation, digested the toxin. When proteinase-free P-1 was incubated with trypsin at 37 "C, the clear solution became turbid within 10 min. This suggested the low solubility of digested P-1 at pH 8. The trypsin-digested P-1 was, however, completely soluble in 20% acetic acid whereas undigested P-1 was insoluble. P-2 was relatively resistant to trypsin digestion. In order to obtain a peptide map, P-2 had to be denatured in 8 M-urea at 100 "C.
Peptide mapping
Peptide maps of P-1 are shown in Fig. 4 . The first large peak contained mostly acetic acid which showed high absorbance at 215 nm. The Tris buffer used in the trypsin digestion showed no peak at any retention time except for the peaks which appeared by 2 min. Blank samples containing either trypsin or toxin incubated separately for 4 h produced no significant peaks other than peaks in the first 2min.
Good reproducibility was obtained with several independently prepared samples of each strain. Average deviations of retention time and area count were 2% and 15%, respectively. Comparison of the patterns revealed that strains of subsp. thuringiensis (HD-14), subsp. tolworthi (HD-537), subsp. aizawai (HD-1 l), and subsp. entomocidus (HD-9) had HPLC profiles similar to that of the strain of subsp. kurstaki (HD-1 or HD-73). These strains, which produced kurstakilike P-1, were reisolated and serotyped. The serotyping confirmed that they retained their original flagellar antigens, and none of the strains reacted with an antiserum made against flagellar antigens of subsp. kurstaki (HD-1). Figure 5 shows HPLC patterns of P-2s from four subspecies. The patterns were less reproducible than those of P-1 s, particularly the peak area count. The inconsistent denaturation of P-2 might have caused this irregularity. In spite of the inconsistent peak area count, the HPLC patterns suggested that the four P-2s shown (Fig. 5 ) were similar to each other in structure. However, a careful examination of the HPLC patterns revealed that P-2s of subsp. kurstaki (HD-1) and subsp. tolworthi (HD-537) were identical, while P-2 of subsp. kenyae (HD-5) was closer to that of subsp. thuringiensis than to those of other subspecies.
DISCUSSION
Previously, we tested serological properties and activity spectra of P-1 s which were produced by over 20 strains of B. thuringiensis subsp. kurstaki. The test indicated a good correlation between serological property and activity spectrum. We assumed that differences in the antigenicity, which were detected by a technique of immunoelectrophoresis, might be caused by slight changes in the amino acid sequence (Yamamoto et al., 1983) . On the other hand, Gonzalez & Carlton (1982) demonstrated that the I3. thuringiensis plasmid, on which the toxin genes were located, could be transmitted between two strains in a mixed culture. Consequently, their findings raised the possibility that a strain of B. thuringiensis might change the character of its toxin by acquiring a new plasmid. Therefore, it was necessary to develop a reliable technique to identify the toxin.
The application of HPLC for identifying the crystals has some advantages over other techniques, in particular serological methods. HPLC does not require the type cultures which have been used to produce the antisera. Because of the mobility of plasmids, there is a possibility that a type culture produces a new toxin which differs from the original. Therefore, the reliability of the antisera made with type cultures is not always assured. Furthermore, the peptide map correlates with the amino acid sequence of the toxin molecule more directly than do the results of serological analysis. There are several ways to map peptides produced by trypsin Fig. 4 . Peptide maps of P-1 isolated by Sephacryl S-300 chromatography. P-1s of various subspecies of B. thuringiensis were isolated by Sephacryl S-300 chromatography. The isolated P-1 was digested by trypsin, and the resulting peptides were analysed by HPLC with a reverse phase column. Five min after the sample was injected to the column, which had been equilibrated with 0.1 % phosphoric acid, the concentration of acetonitrile was increased from 0 to 50% at the rate of 1 % per min. The peptides were detected with a UV monitor (Varian UV-5) at 215 nm.
digestion. Mapping by HPLC can be done within 60 min, and up to 24 samples a day can be analysed if an automatic sample injector is used. However, conventional mapping using thinlayer or paper techniques takes several hours to complete and it is difficult to obtain quantitative information.
P-1 is a large molecule with a molecular weight of 135000 (Yamamoto & McLaughlin, 1981) and there are some one hundred lysine and arginine residues in the molecule (Chestukhina et al., 1982) . Since trypsin hydrolyses the protein at the lysine and arginine residues, its digestion should yield about 100 peptides from one P-1 molecule. HPLC has resolved up to 40 peptides. The difference in number of the peptides is too great to be explained by the hypothesis that several residues of these amino acids link consecutively. It is more probable that the digestion stops at the proteinase-resistant core which has been reported to exist in the P-1 molecule (Lilley et al., 1980; Chestukhina et al., 1982) . However, a peak representing the proteinase-resistant core could not be located in the HPLC pattern and the core peak may have been overlapped by the peak of acetic acid. Nevertheless, the HPLC peptide mapping can detect the differences between two strains within one subspecies. In this study, comparisons have been made between HD-1 and HD-73 as an example for subsp. kurstaki, between HD-2 and HD-14 for subsp. thuringiensis, and between HD-29 and HD-193 for subsp. galleriae, because there appears to be no match in the activity spectrum between any one of these three comparisons (Dulmage, 1981) . It was noticed that kurstaki-type P-1 occurred in several strains of non-kurstaki subspecies. . Peptide maps of P-2. P-2s were isolated from dissociated crystals of four subspecies of B. thuringiensis by Sephacryl S-300 chromatography. P-2 was then digested with trypsin, and the resulting peptides were mapped by HPLC as described in Fig. 4 .
Perhaps these strains, such as HD-14 (subsp. thuringiensis) and HD-9 (subsp. entomocidus) have acquired the plasmid from one of subsp. kurstaki strains.
The mosquito factor is the second toxin found in the HD-1 crystal and is toxic to both lepidopterous and dipterous insects (Yamamoto & McLaughlin, 1981) . There has been no report of isolation of a B. thuringiensis toxin which is the same as or similar to the mosquito factor until the present study which has shown that the production of the mosquito factor is not specific to the HD-1 strain or other strains of subsp. kurstaki but occurs also in some other subspecies. A survey of B. thuringiensis strains for the production of P-2 revealed that all P-2-producing strains had been reported to possess mosquitocidal activity (Hall et al., 1977) . HPLC has demonstrated that the production of P-2 (the mosquito factor) is independent from that of P-1 suggesting that the genetic information for the factor (P-2) is coded in a plasmid or a chromosomal DNA in which the gene of P-1 does not reside.
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